DURING the last two and a half years we have been developing techniques to investigate peripheral glucose metabolism and we have already reported some of our findings elsewhere (Butterfield et al., 1958; Butterfield and Holling,1959) .
When we realized that small doses of insulin injected into the brachial artery were fixed in the forearm tissues, we thought it would be of interest to measure the direct effect of insulin on the local tissue glucose uptake. In this paper we present our findings so far, in a group of control subjects, and in some selected diabetic and acromegalic patients. Our experimental method has been as follows:
After fasting overnight, the patients or control subjects lie comfortably in bed in the ward. Fine polythene catheters are introduced into the brachial artery through a thin-walled needle and also into a vein draining the deep muscular compartment of the forearm. These permit repeated sampling from both sites for indefinite periods.
When sampling, 1 ml. blood is withdrawn from the artery and vein simultaneously at a steady rate over a period of one minute. Weighed aliquots-weighed to prevent bias during analysis -are used for glucose estimations, using the glucose oxidase method of Huggett and Nixon (1957) . After four pairs of fasting samples have been withdrawn, a small dose (0-03-0-1 unit) of glucagon-free insulin, in 2 ml. of normal saline, is injected into the brachial artery over a period of two minutes; using these small doses there is no systemic lowering of blood sugar so that the arterial level remains steady. A wrist cuff, at 200 mm.Hg, is applied during the injection to ensure that the insulin reaches the tissue being studied. After the injection of insulin, arterial and venous OCTOBER samples are withdrawn at intervals of 5, 10, 15, 20, 30 and 40 minutes. The wrist cuff is applied for one minute before sampling and during sampling to exclude blood from the hand and so avoid contamination of the venous samples by arterial blood passing through the numerous arteriovenous anastomoses in the fingers. While the samples are being withdrawn a venous occlusion plethysmograph is used to determine forearm blood flow. Grant and Pearson (1937) first pointed out that this may vary from minute to minute and, in our experience, there may be as much as a threefold variation during an experi- ment. The tissue glucose uptake lated by multiplying the arteriov difference by the blood flow and M mg./100 ml. forearm/minute. The tissue glucose uptake before unit of insulin in a healthy, 30-ye shown in Fig. 1 . It will be seen tI uptake, initially low before the insulin, rose to high levels within the injection. may be calcuenous glucose ve express it in D and after 0-1 seen that the mean glucose uptake rose by 0 55 mg./100 ml. forearm/minute. The lower curve refers to the mean result after 0 03 unit; it will be seen there was a prompt but smaller rise.
ar-old male is
Findings in selected diabetic patients.-First, hat the glucose recently diagnosed cases who had never received intra-arterial therapeutic injections of insulin: Fig. 3 compares 20 minutes of the effects of 0 1 unit of intra-arterial insulin in 3 such cases with the findings in the 4 healthy I and 0 03 unit control subjects. It will be seen that in these ly in control diabetics the intra-arterial insulin had a greater ,ent the mean effect than in the controls. We attribute this to subjects. The their high fasting blood sugar, the mean for the take above the diabetics being 170 mg./100 ml. compared with n and it will be the normals' 86 mg./100 ml.
In marked contrast we have found, so far, occasion her diabetes and acetonuria were uncontrolled despite very large doses of insulin, ranging up to2,000unitsper day, which againwerefollowed by a rash. When it was suspected that insulin antibodies might be causing the insulin resistance, the patient was treated with prednisolone and some measure of control was achieved.
We had the opportunity to test this patient's peripheral insulin sensitivity shortly afterwards, at a time when her glycosuria was unaffected by 300 units of insulin a day, although her acetonuria had disappeared. 0-1 unit of intra-arterial insulin was without effect on forearm glucose uptake. Our findings are in line with Dr. P. H. Wright's studies of this patient's plasma; using the rat diaphragm technique he found a powerful insulin antagonist. Likewise Dr. A. Cunliffe, of King's College Hospital, using his guinea-pig preparation, found antibodies in this case.
Acromegaly.-It is salutary to remember that prior to 1921 diabetic coma was a common terminal event in acromegaly. Recent experimental studies by Randle and Young (1956) and Wright (1957) have indicated that acromegalic patients may have an insulin antagonist in their plasma. It therefore seemed relevant to determine whether such insulin antagonism would prevent the action of insulin in the periphery. We have investigated this in 8 acromegalics aged 25 to 57 years. A diagnosis of acromegaly was made on clinical and radiological evidence and was always obvious. None bf the cases had an associated diabetes; fasting blood sugars were all less than 100 mg./100 ml. From Fig. 4 it can be seen that as a group the acromegalics were insensitive to intra-arterial insulin. patients, only 1, a 52-year-old female, showed as much response to 0-1 unit insulin as the control subjects. All the others showed some resistance; 2 patients, both males, were completely resistant to as much as 1 0 unit.
We have also had the opportunity to study 3 acromegalics before and after radiotherapy directed at their pituitary glands. All 3 patients showed increased sensitivity to insulin following the treatment.
What is the mechanism of the insulin resistance in acromegalics? The first question we wish to answer is: Does the insulin we inject into the brachial artery escape from the circulation in the way which must occur in the control subjects?
We have therefore injected insulin, freshly labelled with iodine 131 into the brachial artery. By following the forearm blood flow during and after the injection and by sampling the effluent vein for radioactivity as well as glucose, we can examine the correlation between insulin fixation and insulin action. These investigations are somewhat complex but we have so far managed to perform six tests in control subjects and acromegalics. Although any opinions expressed in these final remarks must be very tentative, the results do seem of sufficient interest to mention. Control insulin-sensitive subjects trap 60-70 % of the radioactivity in the forearm tissues, whereas insulin-resistant acromegalic subjects trap much less, 2040%. But even in these latter cases it would seem that the injected insulin passes from the circulation into the extracellular space, for some can be detected in the forearm afterwards. By comparison with the normal, it would seem that the fixation of the insulin molecules from the extracellular fluid is impeded.
If we allow that the 20-40 % which is retained by the resistant acromegalics represents the amount which passes into the extracellular space in all cases, then there is a rough correlation in the normals between the proportion of insulin trapped and the effect it produces. It would therefore appear that one explanation of the insulin resistance of acromegaly is a failure of the cells to accept insulin from the extracellular space. Future work will be directed to testing this hypothesis.
